Amide formation is one of the reactions that can be undertaken within the carboxyl group of oleanolic acid. A simple method for oleanolic acid anilide and toluidides synthesis is presented. The influence of the location of the methyl substituent on the reactivity of the amine group was tested and the "ortho effect" of the methyl substituent within the molecule of o-toluidine on the time of reaction was observed. The structures of the newly obtained compounds were determined by spectroscopic methods. Oleanolic acid has two positions that can be easily modified: the hydroxyl group at C-3 and the carboxyl function at C-28. One of the possibilities of chemical transformation of the carboxyl group is amination that leads to amides. This type of derivative of oleanolic and 3-acetyloleanolic acids can be obtained by a few simple methods which differ in the solvent used, temperature and the presence / absence of additional compounds that facilitate the acylation. The amide derivatives can be obtained as a result of the reaction of 3-acetyloleanolic acid chloride with ammonia, amines, amino acids, salts of amines or salts of amino acids [7] [8] [9] [10] [11] [12] [13] [14] . Simple unsubstituted amides of oleanolic or 3-acetyloleanolic acid can be obtained by the action of ammonia in benzene [7a], THF [7b] or CH 2 Cl 2 [7c] at room temperature. According to another method, the reactions are performed in dry benzene at room temperature [8, 9] . Substituted amides can also be prepared by stirring of 3-acetyloleanolic acid with oxalyl chloride in dry CH 2 Cl 2 and then by treatment of the obtained acyl chloride with methyl esters of amino acids in the presence of triethylamine in CH 2 Cl 2 [10] [11] [12] ; in the reaction of oleanolic acid chloride in refluxing chloroform with amine [13] ; in benzene at room temperature, overnight [14] ; in benzene or THF at room temperature with the usage of amines / amino acids hydrochlorides and triethylamine [8, 9] ; or in refluxing benzene [7a].
Pentacyclic triterpenoids are widely distributed in plants, and they have attracted scientists' attention all over the world because of their numerous biological activities. The best known member of this family is probably oleanolic acid, which is present in many medicinal plants [1] , in the form of the free acid or as aglycones of triterpenoid saponins. This triterpenic acid has been found to exhibit many interesting biological activities including antitumor [2] , antidiabetic [3] , immunomodulatory [4] , antiedemic, antiinflammatory [5] , gastroprotective [6a] , and antitubercular [6b].
Oleanolic acid has two positions that can be easily modified: the hydroxyl group at C-3 and the carboxyl function at C-28. One of the possibilities of chemical transformation of the carboxyl group is amination that leads to amides. This type of derivative of oleanolic and 3-acetyloleanolic acids can be obtained by a few simple methods which differ in the solvent used, temperature and the presence / absence of additional compounds that facilitate the acylation. The amide derivatives can be obtained as a result of the reaction of 3-acetyloleanolic acid chloride with ammonia, amines, amino acids, salts of amines or salts of amino acids [7] [8] [9] [10] [11] [12] [13] [14] . Simple unsubstituted amides of oleanolic or 3-acetyloleanolic acid can be obtained by the action of ammonia in benzene [7a] , THF [7b] or CH 2 Cl 2 [7c] at room temperature. According to another method, the reactions are performed in dry benzene at room temperature [8, 9] . Substituted amides can also be prepared by stirring of 3-acetyloleanolic acid with oxalyl chloride in dry CH 2 Cl 2 and then by treatment of the obtained acyl chloride with methyl esters of amino acids in the presence of triethylamine in CH 2 Cl 2 [10] [11] [12] ; in the reaction of oleanolic acid chloride in refluxing chloroform with amine [13] ; in benzene at room temperature, overnight [14] ; in benzene or THF at room temperature with the usage of amines / amino acids hydrochlorides and triethylamine [8, 9] ; or in refluxing benzene [7a] .
In this work a method of 3-acetyloleanolic acid chloride amination with the use of simple aromatic amines was worked out. The synthesis of new compounds, which were so far unknown, are outlined in Schemes 1 and 2. The oleanolic acid (1) used for transformations was isolated as a by-product obtained during production of mistletoe extract. This starting material (1) was acylated with 10-fold excess of acetic anhydride in dry pyridine [7b] . The product, 3-acetyloleanolic acid (2), was subjected to thionyl chloride treatment and the resultant 3-acetyloleanolic acid chloride (3), in crude form, was transformed into aromatic amides. The last reaction was performed in dry benzene, at room temperature, and the time of reaction varied from 15 min to 12 h. Aromatic amines are weaker bases than aliphatic ones, because the amine function forms stable resonance structures with the aromatic ring, and such structures are absent once the amine becomes protonated. The formation of 3-acetyloleanolic acid anilide was finished after about 12 h. For toluidides, an interaction effect of amine and methyl substituents was observed and the time of reaction varied from 15 min to 12 h. Electron donating groups, such as alkyl functions that occur in either the meta or para position increase the basicity of aromatic amines, because the electron donating groups contribute to the electron density on the nitrogen atom. However, any substituent ortho to the amine, no matter whether it is an electron donating or withdrawing group, decreases the basicity of the aromatic amine. This happens because of the "ortho effect", which is basically a steric effect. The steric hindrance between the substituent and the neighboring amine group is caused by the greater steric interaction of the amine group with the alkyl substituent in the ortho position, making the NH 2 function less susceptible to the action of acyl chloride. As a result of the "ortho effect", the time of reaction for o-toluidine and 3-acetyloleanolic acid chloride (3) The presented method of anilide and toluidides synthesis allowed us to obtain new compounds in high yields, as the amide was the only triterpenic product of the reaction. The isolation and purification of the resulting products were also performed in a very simple way: the residue of amine hydrochloride was filtered off and washed with benzene; the brownish filtrate was washed with water, dried with MgSO 4 and evaporated to dryness. The crystallization of anilide (4a), and o-and m-toluidides (4b and 4c) from ethanol led to either beige, shiny needles (compounds 4b and 4c) or plates (anilide 4a) with a narrow range of melting point. The para isomer (4d) did not form crystals from ethanol, but was very soluble in it, as well as in many other common organic solvents used for crystallization. After precipitation with water from an ethanolic solution, a beige powder was obtained.
In the IR spectra, the signal for the amide proton was observed at 3380 cm -1 for anilide (4a) and p-toluidide (4d). For ortho and meta isomers the influence of the alkyl substituent upon the amide N-H function was present and the absorption bands assigned to N-H were shifted to higher wavenumbers and observed at 3425 cm -1 . The amide carbonyl group gave a strong absorption band at 1660 cm -1 .
In the 1 H NMR spectra the signal for the amide proton was observed at δ 7.72 (anilide, 4a), and δ 7.55, 7.65 and 7.67 for the ortho (4b), meta (4c) and para (4d), isomers, respectively. The signal for the C-18 proton in the starting material, 3-acetyloleanolic acid (2), was usually observed at δ 2.80 [15a] , as a doublet of doublets. The introduction of an aromatic amide group instead of a carboxyl function within the molecule of the new triterpenic amides caused changes to the chemical shifts towards smaller values: δ 2.72 for o-toluidide (4b), and δ 2.65, 2.66, and 2.67 for the para (4d) and meta (4c) isomers, and anilide (4a), respectively. In all the mentioned cases, the signal deriving from the C-18 proton was observed as a doublet of doublets with coupling constants of about 3.1 and 12.5 Hz. In the 1 H NMR spectra of the obtained amides a triplet or doublet was observed at δ 5.55 (J about 3.4 Hz), and this was assigned to the proton at C-12. In the 13 C NMR spectra the signal assigned to the C-28 amide carbon was located at about either δ 176 (for toluidides, 4b -4d) or δ 178 (for anilide 4a). All the characteristic signals of the oleanane skeleton were also observed at typical chemical shift values.
The obtained 3-acetyloleanolic acid anilide (4a) and toluidides (4b -4d) were next subjected to alkaline hydrolysis in 5% ethanolic NaOH solution, with heating. In all the above cases, the reactions were completed after 30 min.
As the spectral data proved, in boiling ethanolic NaOH solution, only hydrolysis of the ester bond took place, with no change within the amide function. The expected structures of all the obtained amides: anilide and toluidides of oleanolic acid (5a -5d) were consistent with spectral data (presented for one selected amide, otoluidide (5d), in this paper).
The anilide and toluidides of oleanolic acid (5a -5d) were thereafter oxidized with Jones' reagent in acetone at room temperature. The reactions were complete after about 30 min and the products were isolated and purified. The structures of 3-oxoanilide (6a) and 3-oxotoluidides (6b -6d) were confirmed by spectral data. The last step in the synthesis of the new anilides and toluidides of oleanolic acid was the reaction of the above described 3-oxoderivatives (6a -6d) with hydroxylamine hydrochloride in refluxing ethanol in the presence of sodium acetate. The transformation was complete after about 30 min and in all cases only one product was produced. The spectral data for only one selected amide with a 3-oxo, and one with a 3-hydroxyimino function (o-toluidides 6d and 7d, respectively) are presented in this paper, although the spectral data confirmed all the expected structures of the obtained products.
The IR spectrum of 3-acetyloleanolic acid p-toluidide (4d), as well as those of oleanolic acid p-toluidide (5d), and its oxo-and hydroxyimino derivatives (6d and 7d, respectively), show an absorption band for the N-H group at about 3380 cm -1 , and for the C=O amide group at about 1660 cm -1 . The strong absorption band for free the C-3 hydroxy function was observed at 3345 cm -1 . The absence of this signal in the IR spectrum of 6d and the appearance of a new one, at 1700 cm -1 , indicates the presence of a C-3 oxo function. In the spectrum of amide 7d, the last mentioned absorption band, characteristic of a ketone group, was not observed, but a new signal, at 3320 cm -1 , characteristic of an OH group of a hydroxyimino function was present.
The signal of the N-H group proton was observed in the 1 H NMR spectra of amides 5d, 6d and 7d at about δ 7.65 in a form of singlet. The signals ascribed to protons at C-12 and C-18 were observed at about δ 5.55 and 2.65, respectively, as a singlet (C 12 -H) and a triplet (C 18 -H).
In the 13 C NMR spectra of 5d, 6d and 7d all the signals indicated the presence of an unchanged amide function. The signals for C-3 connected with hydroxy, oxo or hydroxyimino functions were observed at characteristic values of δ 78.8 (5d), 217.5 (ketone 6d)
[15b] and 166.7 (oxime 7d), respectively [16] .
Experimental

General:
The solvents used were purchased from either Chempur or POCh; the other reagents were purchased from Sigma-Aldrich. TLC analysis was conducted on HPTLC aluminum sheets (Merck). The chromatograms were vizualised by spraying them with 10% ethanolic sulfuric acid solution and then heating at about 110°C for
Anilides and toluidides of acetyloleanolic Acid 
Synthesis of 3β-acetoxyolean-12-en-28-oic acid anilide and toluidides 4a -4d (general method):
To a solution of 3β-acetoxyolean-12-en-28-oic acid chloride obtained (directly before the reaction with aniline or toluidides) from 3β-acetoxyolean-12-en-28-oic acid (0.5 g, 1 mmol) in dry benzene (8 cm 3 ), a saturated solution of aromatic amine (10 mmol) in dry benzene was added dropwise, with stirring and cooling. The mixture was then stirred until the total consumption of substrate (TLC control), the residue of amine hydrochloride was filtered off and washed with benzene (3 x 2 cm 3 ). The filtrate was washed with water (5 x 5 cm 3 ), dried with MgSO 4 , evaporated to dryness, and either crystallized from ethanol or precipitated with water from an ethanolic solution. 
